Characteristics of silver carp mince mixed with food additives, such as vital gluten, soy protein isolate, polysaccharides (␤-1,3-glucan and potato starch), transglutaminase (TG-ase) and cyclodextrin, were studied. After storage at a low temperature or after heat treatment, the breaking strength of the samples was measured using a texture analyzer. The sensory characteristics of binding properties, color and smell were also evaluated. When fish mince was mixed with vital gluten, soy protein isolate, ␤-1,3-glucan and potato starch, the gel strength of the samples increased after heat treatment. When TG-ase was used, the binding properties improved after storage at the low temperature of 4˚C. When cyclodextrin was used, the gelling properties were not improved, however, the earthy smell of the samples was attenuated. Soy protein isolate masked the earthy smell. We concluded that it is possible to utilize silver carp mince as a food material with good gelling properties by mixing with other proteins such as soy protein isolate or vital gluten.
Fisheries resources are becoming more and more important to provide foodstuffs corresponding to the increasing global population. Freshwater aquaculture is extremely popular in China with an annual yield of freshwater fishes amounting to about 14 million tons (Wang, 2001) . At present in China, however, such large freshwater fisheries resources are not utilized effectively due to constraints on the transportation and processing technologies (Fukuda, 2001) . It is necessary to develop methods of processing and utilizing the abundant freshwater fisheries resources, which are available.
Silver carp (Hypophthalmichthys molitrix) is one of the popular freshwater fish cultivated in China (Li & Yang, 2001) , and surimi (in Japanese) processing using this fish was reported (Fukuda, 2001) . Generally, muscle of freshwater fish shows higher moisture content than that of saltwater fish and its gelling properties are not sufficient for food processing ). If we improve the properties of silver carp muscle by adding some food additives, it will contribute to an increase in consumption of this fish.
In meat processing, it is generally recognized that the binding properties and water-holding properties can be improved by the addition of the plant proteins such as wheat and soybean (Yang, 1999; Chung & Pomeranz, 2000; Fukushima, 2000) . It is anticipated that the texture of minced freshwater fish meat could also be improved after mixing with plant proteins.
In this study, additives such as plant proteins and polysaccharides were mixed with silver carp mince in order to improve the texture and to reduce the earthy smell. We also used some of the functional additives such as cyclodextrin for redusing the earthy smell and transglutaminase for improving the binding conditions of the mince. The results obtained suggest that the freshwater fishes can be utilized effectively by this simple and economical method.
Materials and Methods
Materials Live silver carp weighing about 1 kg was purchased at a local market in Shanghai, China. Vital gluten (A Glu-K, Glico Foods Co., Ltd., Osaka), soy protein isolate (New Fujipro, Fuji Oil Co., Ltd.), ␤-1,3-glucan (Curdlan, Takeda Kirin Food Company, Tokyo), potato starch (purchased at a local market), transglutaminase (TG-ase, Activa TG-K, Ajinomoto Co., Inc., Tokyo), and cyclodextrin (CD-K50, CD-KED21, Bio Research Corporation of Yokohama) were used as additives without further treatment. The TG-ase (Activa TG-K) that was prepared contained 1% of pure TG-ase. The concentration indicated in this paper was that of Activa TG-K.
Preparation of fish mince A fresh silver carp was eviscerated immediately after decapitation and rinsed with iced water to remove the remaining blood from the body. The water was then wiped thoroughly with a paper towel. After the fish samples were filleted and skinned, red muscle was removed so as to provide the white muscle. The white muscle was finally minced with an electric mincer (Fengcai MM8 Mincer). The product of fish mince was kept cool on crushed ice until use.
Mixing of food additives and heat treatment The fish mince was placed in a chilled mortar and mixed with food additives in different proportions to the mince weight using a pestle. Then the mixture was placed in a 25 ml beaker (30 mm, 47 mm high), and the surface was covered with a plastic film. Sam-*To whom correspondence should be addressed. E-mail: masaito@jircas.affrc.go.jp ples were kept at 4˚C for 3 or 24 h in a refrigerator, or at 60˚C or 80˚C in a water bath for 1 h. After the heat treatment, the samples were cooled in an ice bath and kept at room temperature.
Measurement of hardness of fish block The breaking strength of fish mince was measured using a texture analyzer (NRM-2010, Shimadzu) with a probe 3 mm in diameter at 20˚C. The probe moved at a speed of 60 mm/min.
Sensory analysis Four expert panelists carried out a descriptive analysis (Poste et al., 2001) . The binding properties of the fish block were examined after taking it completely out of the beakers. The sample was flaked with fingers, then binding conditions, color and smell were observed. Final evaluation was summarized by discussing the observation of each panelist.
Results
Yield of mince preparation The yields of the preparation of the mince in each step by weight are shown in Table 1 . It was shown that the yield after decapitation and evisceration was 58.1%, indicating that the head and viscera accounted for more than 40% of the total fish weight. After filleting, the yield was 25.5%. Bones, skin and red meat accounted for more than 30%, while the mince accounted for less than a quarter (24.6%) of the total fish weight.
Effect of plant proteins on hardness Figure 1 shows the breaking strength of the mince mixed with plant proteins. When the fish mince was mixed with vital gluten and soy protein isolate and kept at 4˚C, the breaking strength of the fish mince remained almost constant throughout 24 h. On the other hand, when the mixture was heated at 60˚C or 80˚C for 1 h, the breaking strength increased markedly. Also, the breaking strength increased with increase in plant protein content. Except for the addition of 3% and 5% of soybean protein, the breaking strength of the sample treated at 80˚C was higher than that at 60˚C.
Effect of polysaccharides on hardness Figure 2 shows the breaking strength of the mince mixed with polysaccharides. Upon heat treatment, the samples containing the two polysaccha- rides resulted in an increase in the breaking strength not only with an increase in the ingredients but also with rising temperature. However, the addition of polysaccharides was less effective than that of plant proteins. Figure 3 shows the breaking strength of the mince mixed with TG-ase. After the mince was allowed to stand at 4˚C for 24 h, the breaking strength was about 20% higher than that of the control. Figure 4 shows the breaking strength of the mince mixed with cyclodextrin. Cyclodextrin was shown to have a negative effect on the breaking strength of the fish mince.
Effect of enzymes on hardness

Effect of cyclodextrin on hardness
Sensory analysis After heating the mixture with vital gluten, soy protein isolate, Curdlan and potato starch, the mince became tightly bound. When mixed with vital gluten and stored at 4˚C, the mince became tough and the formation of strings of wet gluten among the mince particles was observed. After mixture with TG-ase and storage at 4˚C, the mince also seemed to bind toughly.
Color of the samples mixed with 5% of vital gluten and 10% of soy protein isolate turned flaxen, while color of the sample mixed with 10% of vital gluten became yellow. Table 2 summarizes the results of sensory analysis related to the smell of each sample. The earthy smell of fish mince was not recognized in the samples that were mixed with soy protein isolate followed by heating. It was also shown that cyclodextrin attenuated the earthy smell.
Discussion
The large quantity of waste materials produced during fish processing is a major problem. During surimi processing, there are four washing cycles and most of the water-soluble protein is removed (Fukuda, 2001) . In this study, it was observed that the waste during the processing of freshwater fish mince was considerably high (more than 75%). However, the rate of the product was higher than in the case of surimi, because the mince was not rinsed. Further investigations should be conducted to determine how the waste can be utilized.
Vital gluten, soy protein isolate, Curdlan and potato starch were added to the mince of freshwater fish. The results showed that both vital gluten and soy protein isolate increased the hardness of the fish mince after heating and the effect of soy protein isolate was the most remarkable. It was also shown that after heating, both Curdlan and potato starch increased the hardness to some extent. When these additives were used, the hardness increased and the overall binding properties also improved, making it possible to use the mince as a kind of food material.
TG-ase is a unique enzyme that catalyzes the formation of isopeptides between glutamine and lysine residues in proteins, and cross-linkages among proteins can be formed (Folk & Chung, 1973; Ikura et al., 1980; Tsai et al., 1996) . This enzyme was reported to be important for the setting of surimi product (Wan et al., 1995) . The binding properties of fish mince were improved when TG-ase was used and the mixture was kept at the low temperature of 4˚C, suggesting that change in chemical structure of proteins catalyzed by TG-ase contributed to the increase in the binding properties.
Color of the products is one of the important factors in deciding their value. The use of soy protein isolate resulted in less color change than in the case of vital gluten. A high concentration of vital gluten may not be suitable because the color of the mince became dark.
It is important to attenuate the earthy smell during the processing of freshwater fish, and the addition of cyclodextrin did this. Cyclodextrin is a kind of ring-shaped oligosaccharide, and is used to eliminate unpleasant smells in the food industry (Hedges & McBride, 1999 ). Cyclodextrin to be tested consisted of two different types. One of them was CD-K50 containing over 50% cyclodextrin, the other was CD-KED21 containing a plant extract to reduce the unpleasant smell. In the current study, the earthy smell of silver carp was attenuated by the addition of both types of cyclodextrin. The results of this study indicated that the use of cyclodextrin in fish processing was effective in attenuating the unpleasant smell.
The utilization of mince is more preferable than that of surimi, because the processing of surimi requires more labor and water, and produces more waste than the preparation of mince. Therefore, fish mince is less costly than surimi and could be suitable for application by the food industry. We concluded that it is possible to utilize silver carp mince as a food material with good gelling properties by mixing it with other proteins such as vital gluten or soy protein isolate. TG-ase can be used for improving the binding properties while cyclodextrin can be used to attenuate the earthy smell. The earthy smell was attenuated compared with the mixture with CD-K50
The earthy smell was attenuated compared with the mixture with CD-K50
The earthy smell was lighter than under heating at 60˚C and was also attenuated compared with the mixture with CD-K50
